Heat and noxious chemical sensor, chicken TRPA1, as a target of bird repellents and identification of its structural determinants by multispecies functional comparison.
Nociceptive receptors enable animals to sense tissue-damaging stimuli, thus playing crucial roles in survival. Due to evolutionary diversification, responses of nociceptive receptors to specific stimuli can vary among species. Multispecies functional comparisons of nociceptive receptors help elucidate their evolutionary process and molecular basis for activation. The transient receptor potential ankyrin 1 (TRPA1) ion channel serves as a nociceptive receptor for chemical and thermal stimuli that is heat-activated in reptiles and frogs while potentially cold-activated in rodents. Here, we characterized channel properties of avian TRPA1 in chicken. Chicken TRPA1 was activated by noxious chemicals that also activate TRPA1 in other vertebrates. Regarding thermal sensitivity, chicken TRPA1 was activated by heat stimulation, but not cold, thus thermal sensitivity of avian TRPA1 does not coincide with rodent TRPA1, although both are homeotherms. Furthermore, in chicken sensory neurons, TRPA1 was highly coexpressed with TRPV1, another nociceptive heat and chemical receptor, similar to mammals and frogs. These results suggest that TRPA1 acted as a noxious chemical and heat receptor, and was coexpressed with TRPV1 in the ancestral terrestrial vertebrate. The acquisition of TRPV1 as a novel heat receptor in the ancestral terrestrial vertebrate is likely to have affected the functional evolution of TRPA1 regarding thermal sensitivity and led to the diversification among diverse vertebrate species. Additionally, we found for the first time that chicken TRPA1 is activated by methyl anthranilate (MA) and its structurally related chemicals used as nonlethal bird repellents. MA-induced responses were abolished by a TRPA1 antagonist in somatosensory neurons, indicating that TRPA1 acts as a MA receptor in chicken. Furthermore, TRPA1 responses to MA varied among five diverse vertebrate species. Utilizing species diversity and mutagenesis experiments, three amino acids were identified as critical residues for MA-induced activation of chicken TRPA1.